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1 .O SUMMARY 
1 
The National Aeronautics and Space Administration(NASA) and Douglas Aircraft 
Company(DAC) have been working for several years to develop the installation 
aerodynamics technology for wing mounted turboprop propulsion system 
installations to the level required to assess the full potential of the 
propfan propulsion concepts. To meet this need, tests of several different 
wing/nacelle/power configurations have been made by NASA Ames. This report 
summarizes several design and data analysis tasks for these tests conducted 
by Douglas Aircraft Company in support of the NASA Ames installation 
aerodynamic program. 
A data reduction thrust/drag bookkeeping method which is consistent with the 
performance prediction methods used for analysis of new aircraft designs is 
defined. Although numerous thrust/drag bookkeeping methods can be used, 
this method is compatible with data available to the engine, propeller and 
airframe manufacturers. When compared to the method used by NASA for 
analysis of Ames 11-foot transonic wind tunnel test data an 18 count (.0018) 
difference in interference dra results. This difference represents roughly 
4% of the total configuration B rag. 
Powered data from the Ames high speed test for the underwing nacelle 
installation is reduced using the new thrust/drag accounting system, and a 
sumary of the experimental performance is made. Pressure and flow 
visualization data from the test for both the straight underwing nacelle, 
and unpowered contoured overwing nacelle installations is used to determine 
the flow phenomena present for a wing mounted propfan installation. The 
test data is compared to analytic methods, showing the analytic methods to 
be suitable for design and analysis of new configurations. This analysis 
indicates that designs with zero interference drag levels are achieveable 
with proper wing and nacelle tailoring. 
The performance of an unpowered overwing countered nacelle with a solid body 
exhaust plume simulation is evaluated both with and without a wing leading 
edge extension (LEX). The effects of the LEX and of nacelle contouring are 
shown to be complimentary, but not strictly additive. Improvements in the 
wing flow obtained utilizing one modification, make additional large 
improvements by the complimenting modification more difficult to achieve. A 
new contoured overwing nacelle design as well as modifications to the 
existing contoured nacelle and wing leading edge extension wind tunnel model 
geometries are evaluated. Hardware constraints of the current model parts 
prevent obtaining any significant performance improvements due to the 
modified nacelle and LEX shapes. 
A new, aspect ratio 1 1  wing design for an up outboard single rotation 
propfan installation is defined, and an advanced contoured nacelle is 
provided for this wing. The design shows a slight reduction in induced 
drag, when compared to the unpowered clean wing in lifting line analysis, 
and maintains good pressure characteristics for the power-on case. 
1 
2.0 INTRODUCTION 
The reduction of aircraft fuel consumption has been a major goal of NASA and 
the Douglas Aircraft Company for many years. The Aircraft Energy Efficiency 
(ACEE) program has been a major part of this effort. One of the more recent 
areas of study for reduction of aircraft fuel consumption is the 
incorporation of advanced propeller (propfan) propulsion systems. The 
configurations under consideration consist of highly loaded eight to ten 
blade propellers, capable of high efficiency at cruise Mach numbers from 0.7 
to 0.8. 
The technology required to exploit the fuel savings offered by the propfan 
propulsion systems includes the developement of an efficient propeller and 
nacelle design that minimizes the interference drag penelty when installed 
on supercritical wings. This is a much more severe design constraint than 
the installation of current turbofan propulsion systems, as not only the 
wing/nacel le interactions must be considered, but the wing/sl ipstream 
interactions must also be evaluated. 
Initial testing used a wing developed for a turbofan concept, with a 
simulated propeller slipstream (reference 1). This test identified many of 
the critical issues affecting the turboprop instal lation including an 
increase in local stream velocity causing a change in shock location and 
strength, and large changes in the local wing upwash (or downwash) causing 
large changes in the leading edge suction pressure levels. A later test 
employed the same wing geometry definition, and added a straight, underwing 
nacelle and propeller system (reference 2). This test helped emphasize the 
importance of the nacelle to the understanding of the complete propulsion 
system installation picture. A test using a different wing geometry and 
several alternate nacelle geometries helped identify the significance of 
contouring the nacelle to account for the wing flow field. The results of 
this test are contained in unpublished NASA data. Both wing and nacelle 
design modifications based on the reference 2 test results were defined, and 
1 ater tested. 
This report describes an analysis performed for this latest test data. The 
test contained a baseline wing geometry (Table 1, reference 21, a modified 
wing geometry (Table 2, reference 21, a straight underwing nacelle and 
propeller installation, and a unpowerd contoured overwing nacelle 
installation. The wind tunnel model installation for the straight underwing 
nacelle configuration i s  shown in figure 1. 
Section 3.0(Task I) of this report details the development of a thrust/drag 
accounting method for turboprop installations. The thrust/drag accounting 
method is employed to assess the results of the wind tunnel tests utilizing 
isolated propeller performance to determine the installation or interference 
drag which is defined as the total configuration drag minus the clean wing 
and nacelle parasite drag. Isolated propeller performance can be obtained 
from the propeller manufacturer, allowing the analysis of many propeller 
designs on a given aircraft, without retesting each configuration. 
Section 4.0(Task 11) of the report uses the pressure and flow visualization 
data to describe the flow phenomenum producing the measured installation 
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interference drag. The experimental data is compared to suitable analysis 
methods for both the low (0.6 FI and high (0.8 ) Mach number data to 
effects of the nacelle installation are considered both with and without the 
additional effects due to power. The wing leading edge extension (LEX) is 
analyzed to determine if it was successful in reducing the effects of power 
on the wing pressure distributions, and the resulting drag levels are 
presented. 
Section 5.0(Task 111) evaluates the effects of the nacelle contouring on 
reducing the instal lation interference drag. The contoured nacelle data 
does not contain any power effects, however, the model did include a solid 
body exhaust plume simulation to account for nacelle base drag effects. The 
combination of the contoured nacelle and the LEX i s  assessed to determine 
the extent to which the effects of the two modifications are additive. 
Using a more comprehensive nacelle contouring scheme, a new advanced 
contoured nacelle is designed. Enhancments to the existing contoured 
overwing nacelle and LEX geometries are explored. A new aspect ratio 1 1  
wing is designed for an up outboard rotation turboprop propellerhacelle 
installation. An advanced contoured nacelle is defined for integration with 
the up-outboard rotation wing design. 
verify the accuracy of the methots used to design ‘pl t e model geometry. The 
4 
I 
3.0 TASK I. THRUST/DRAG BOOKKEEP I NG 
3.1 Thrust/Drag Bookkeeping Methods 
In the design of a new aircraft configuration, the thrust required to 
overcome drag must be defined to allow for proper engine sizing, which in 
turn is needed to establish suitable aircraft takeoff, climb, and cruise 
performance. The purpose of performin thrust/drag bookkeeping analysis on 
components acting on a model configuration and to ensure that these 
components are defined in a way that can be used by the engine, propeller, 
and aircraft manufacturers to predict aircraft performance. The primary 
point for this discussion is that the propeller and nozzle data must be 
based on isolated characteristics, as the isolated characteristics are all 
that the manufacturers of the components can supply. Any installed 
interferences, both on the aircraft and on the propulsion unit, are included 
in the polar for each specific configuration. For wind tunnel data 
analysis, these isolated characteristics are obtained by calibration of the 
wind tunnel propulsion hardware and the resulting forces are removed from 
the data. Then the thrust terms obtained from isolated propeller and engine 
tests can be combined with the resulting polars to predict aircraft 
performance. 
In both the current NASA and DAC bookkeeping methods, propeller and engine 
exhaust nozzle thrust terms are removed from the drag balance measurements 
for a series of angles of attack at several different Mach numbers in the 
following manner: 
wind tunnel test data is to quantify a 9 1 of the measureable thrust and drag 




The resulting thrust removed drag polars are used to find drag levels at a 
pre-defined lift coefficient for each Mach number. Parasite drag terms, 
which account for skin friction and propwash scrubbing, are calculated using 
standard procedures at the specified lift coefficient and subtracted out of 
the thrust-removed drag terms in order to obtain interference drag. What 
distinguishes the two methods from one another is the manner in which the 
propeller and engine exhaust nozzle thrust terms are calculated. 
In the following sections both the NASA and DAC methods for determining 
propeller and exhaust nozzle thrust will be described. A comparison is made 
of results obtained from both methods for selected test conditions from the 
Ames test. As shown in figure 2 the powered conditions chosen for analysis 
are representative of normal cruise flight power settings at each Mach 
Number. Results, in the form of interference drag levels and lift curves, 
are given for each method. Finally, conclusions are drawn concerning the 
ramifications o f  the new analysis method. 
3.1.1 Current NASA Instal led Performance Method 
In the force data reduction method currently used by NASA, the net propeller 
thrust is obtained from a rotating balance on the propeller drive shaft 
using the following relation: 
5 
C = C - DELCXN 
T~ ET TAP 
where C T ~ ~  is the apparent thrust coefficient, which accounts for hub base 
drag forces, and DELCXN is the nacelle buoyancy correction term which 
accounts for the opposing force generated on the propeller disk due to the 
presence of the nacelle. A brief outline of the installed procedure i s  
shown in figure 3. Since the propeller thrust obtained in this manner is 
acting in the presence of the wing and nacelle, the value measured is 
conf iguration-de endent and, therefore, is not compatible with performance 
manufacturers. The performance data generated by engine and propeller 
manufacturers represents isolated performance predict ions and are 
independent o f  any specific aircraft configuration. 
prediction tec R niques available to engine, propeller and airframe 
The exhaust nozzle thrust coefficient (C ) is derived from a semi- 
empirical analysis which i s  developed in reference 3. The actual jet thrust 
term (TJET1) is the product of the ideal thrust (TIDEAL) and a jet thrust 
calibration factor (CTAVG) as shown below: 
TJET 
and: = ACTUAL THRUST/IDEAL THRUST ( 5 )  
Once TJETl is known, the exhaust nozzle thrust Coefficient is found using 
the following relation: 
= TJETl /qaSREF ( 6 )  
The results of an exhaust nozzle calibration study conducted by Tech 
Development were used to calculate CT~VG over a range of exhaust nozzle 
pressure ratios from 1.08 through 1.91. The exhaust nozzle and associated 
instrumentation were removed from the air driven turbine motor and mounted in 
the Fluidyne static test stand which is located at the Fluid Dyne Engineering 
Corporation I s Medicine Lake Laboratory. The resulting experimental datapoint s , 
together with a fitted calibration curve, are shown in figure 4. As in the 
case of the propeller thrust, the exhaust nozzle thrust term obtained from 
this procedure i s  dependent on a S P ~ G I I  IC. C.UII~ lyulublull 
thrust term is a function of the local exhaust nozzle static pressure, PSE. 
- 2 ~ 2 -  - - - z a - - n - - & 4 ~ m  einrn +_hp fdpq! 
In order to account for nacelle pitch-down and toe-in as well as exhaust 
thrust orientation with respect to the FRP, the C T N ~ ~  and CTJE- terms 
obtained using the preceeding equations are reduced into components acting 





to account for nacelle and exhaust nozzle orientation in the NASA method 
appears in reference 4. 
3.1.2 DAC Isolated Performance Method 
In the DAC bookkeeping method, both the propeller thrust and engine exhaust 
nozzle thrust are determined on an isolated basis; that is, they are 
calculated from propeller and engine manufacturers' experimental data 
which, as mentioned earlier, i s  independent of the specific aircraft 
configuration. An outline showing the proposed data reduction technique is 
given in figure 5. 
The isolated propeller thrust term is found using propeller performance 
charts similar to the one shown in figure 6. The propeller charts used in 
the analysis of the Ames test data were generated at the NASA Lewis PTR for 
the Hamilton Sta!dard SR-2C propeller. A set of these propeller charts 
appears in Appendix A. 
For each test point a power coefficient (CP) is calculated using the 
following equation : 
where P is the shaft horsepower calculated from the rotating balance torque 
and RPM and pw is the freestream density at each test condition. 
For each C at a given blade angle ( R ) ,  a pro eller efficiency(d is found 
fuel flow for an aircraft application and do not require the knowledge or 
assumption of a "velocity" as the Advance Ratio(\]) does. Also, for normal 
operating conditions, Cp and R uniquely determine J, since any two 
parameters are all that is required to determine propeller performance. 
Once the propeller efficiency is found, the following relation is then used 
to determine the propeller thrust coefficient: 
from the cl!art. Cp and R are used because t R ey are directly related to 
The isolated exhaust nozzle calibration is the same data as previously 
discussed for the Tech Developement motor, however, the data were analyzed 
in a different manor. 
The equation used to calculate the actual exhaust nozzle thrust is developed 
from the ideal thrust relation. Assuming subsonic nozzle flow 
(NPR - < 1.8931, the ideal thrust equation can be written as: 
7 
This equation differs from Eq. 4, which is developed in reference 3, in that 
it does not contain a local static pressure term (PsE). 
For air, y = 1.4, and Eq. 9 can be rewritten as: 
(10) 
Equation 10, plotted together with the Fluidyne static test calibration data, 
is given in figure 7. The calibration data simply appears to "bend over" 
faster than the ideal thrust curve. If Eq. 10 is rearranged as follows: 
~ P T E  )" = 1 +fT- F 
PAMB I P~~~ A~ (11 1 
and plotted in log-log format, then the exponent N is readily determined as 
the slope of the curve. Using this procedure, a curve-fit of the exhaust 
thrust calibration is established: 
F 
PAMB A~ 
Figure 8 shows the experimental 
1 
- l l  
(12) 
calibration points together with the curve 
fit from Eq. 12. Equation 12 represents an exhaust nozzle thrust term which 
is based on isolated test data and is a function only of the nozzle total 
and ambient static pressures. 
For each wind tunnel test point (i.e., each NPR), an exhaust nozzle thrust 
term is calculated using Eq. 12. The exhaust nozzle thrust coefficient can 
then be found using: 
Unlike the current NASA method, the C T ~ ~ ~  and C T ~ ~ ~  terms calculated 
using the isolated data are assumed to act in the freestream direction and 
are therefore added directly to the balance measurem nt in order to obtain 
the thrust removed drag. The thrust removed lift( L FF) is obtained by 
correcting the normal force balance reading for angle-or-attack. The thrust 
I C I I I U ~ ~ ~  uy z.xd !if+, terms ;(rp obtained in this manner because, although 
the geometric nacelle pitchdown and toe-in and exhaust nozzle toe-in angles 
are known relative to the FRP, the resultant directions in which these 
thrust forces actually act cannot be defined and are included in the lift 
and drag polars using this procedure. 
Parasite drag terms have been calculated to account for skin friction, 
propeller scrubbing, and nacelle form drag using form factors and skin 





parasite drag terms were used in both bookkeeping methods. A summary of 
values obtained for the different parasite drag terms appears in Appendix B. 
3.2 Thrust/Drag Bookkeeping Method Comparison 
To illustrate the differences between the two force bookkeeping methods, a 
comparison of propeller and exhaust nozzle thrust terms, as well as the 
resulting thrust removed lift and drag values calculated using both methods, 
is presented in the Table below. The selected test point for this 
comparison is the wing/nacelle/power case at 0.8M. A force data summary of 
the interference drag levels for all of the test points analyzed will be 
presented in the following section. 
METHOD COMPARISON 
‘TN ET %ET ‘DEFF ‘LEFF 
a0 DAC NASA DAC NASA DAC NASA DAC NASA 
A comparison between the drag polars constructed using the above data is 
given in figure 9. A complete set of all drag polars used in the analysis 
appears in Appendix C. The tabulated data above shows that most of the 
differences in drag levels can be attributed to the difference in the net 
propeller thrust values (CTNET). At a CL of .5, the drag level for the 
NASA method is 18 counts higher than that for the isolated thrust method. 
These 18 counts can be attributed mainly to the influence of the wing and 
nacelle installation on the propeller. 
3.3 RESULTS 
The results of the force data analysis are presented in figure 10, which 
shows interference drag levels as a function of Mach Number for both 
bookkeeping methods. For the wing nacelle combination without the LEX, the 
interference drag levels obtained from the isolated thrust data are less 
than the installed method by 10 counts at .75M and 18 counts at .8b. 
For the wing nacelle combination including the LPX, there is no difference 
in interference levels at .75M0 while at .8M the isolated thrust data 
level is roughly 8 counts less than the instalfed thrust data level. Both 
of these configurations exhibit a similar trend in that as Mach Number is 
increased above .75 the difference between the interference drag levels 
increases. For the fillet configuration the trend seen in the first two 
configurations seems to be reversed. At .78b the interference drag level 
for the fillet configuration is roughly 13 counts higher for the isolated 
thrust method while at .8M both methods show essentially no interference 
drag. This reversal may be due to the fact that the positioning of the 
fillet, which is only .25 blade diameters downstream of the prop-plane, may 
have a significant influence on the installed prop thrust. 
Figure 1 1  shows a comparison between the thrust removed lift curves 
generated using both force data reduction methods. There is a slight 
9 
increase in the level of the lift curves for the isolated thrust method as 
compared to the installed thrust method. This shift can be considered 
negligible since, at the most, it results in a CL increase of only .005. 
One way o f  determining the inflow velocity to the propeller is from the 
isolated propeller charts. Each test point has a unique power coefficient 
which is calculated using Eq. 7. For a given blade angle, a value for J can 
be found for each power coefficient using the propeller charts at the 
freestream Mach number. The J obtained in this manner is based on isolated 
prop data, therefore, the associated velocity is the local propeller onset 
velocity. Figure 12 shows two propeller curves, one based on isolated 
propeller data and the other based on tunnel freestream velocity. These 
results are similar to the results obtat'ned in Reference 4. This shift in 
the propeller curve for the 0.8 tunnel freestream Mach number condition has 
an effect on propeller performance since propeller efficiency levels are a 
function of J. This difference in propeller performance shows up in the 
interference drag levels shown in Figure 10. 
10 
I 
4.0 TASK 11. DATA ANALYSIS, UNDERWING NACELLE 
Section 3.0 of this contract presented a discussion and suggested approach 
for assessing the propulsion system interference drag levels in such a way 
that they are compatable with data supplied by the propeller manufacturer. 
Having established these drag levels, an analysis of the surface pressure 
and oil flow photographs is necessary to gain an understanding of the 
aerodynamics features of the propulsion system installation. In addition, 
comparisons of the surface pressure data with theoretical methods is 
required to establish the accuracy o f  these methods for future design. 
4.1 Analysis of Straight Underwing Nacelle Data 
The test conditions chosen for the experimental wing pressure sumnary 
presented in this section correspond to the same test conditions used in 
determining the interference drag levels shown in figure 10. The DAC 
isolated interference drag buildup results for the wing-nacelle 
configuration shown in figure 13 and 14, with and without power, are shown 
in figure 15. The corresponding pressure data obtained for freestream Mach 
numbers of 0.6, 0.75, and 0.8 appears in figures 16, 17, and 18 
respectively. (Force and pressure data for the wing-nacel le-power case at 
0.6M0 was not obtained during the Ames test and, as a result, interference 
drag levels are not available at this condition; however, suitable powered 
wing pressure data was obtained during the previous Ames test in the 14-foot 
transonic wind tunnel and is included in figure 16.) 
At 0.6 Mo, the 20 count interference drag level due to the nacelle 
presented in figure 15 can most likely be attributed to the increased wing 
suction peak levels inboard of the nacelle. At the ETA = .418 pressure row, 
the presence of the nacelle results in suction peak normal Mach numbers 
based on wing c/4 sweep(ML) of just over 1.1. The significance of this 
result is that even at this relatively low Mach number, the wing is 
experiencing re ions of transonic flow due to the presence of the straight 
underwing nacel 9 e. Previous analysis of installation effects for varying 
nacelle shapes (reference 2) has shown that proper tailoring or contouring 
of the nacelle shape can help alleviate these localized regions of highly 
accelerated flow. 
As Mach number is increased from 0.6 to 0.8 the nacelle interference drag 
increases roughly 15 counts. This rise in the interference drag level can 
be attributed to increased wing compressibility effects. These 
compressibility effects are most clearly illustrated in the pressure 
distributions immediately inboard o f  the nacelle at the ETA = .418 pressure 
row (figures 17 and 18). The local suction peak Mach numbers just inboard 
of the nacelle at 0.75 and 0.80 are roughly 1.4 and 1.6, respectively, 
as compared to 1.1 for the O.k0 condition. These higher local Mach 
numbers result in stronger wing shocks. The flow visualization pictures 
presented in figures 19 and 20 for the windmilling test condition indicate a 
stronger more unswept shock at the 0.8M0 condition as compared to the 
0. 75M0 condition. 
Comparison o f  the flow visualization for the clean wing (figure 21) and the 
unpowered nacelle configuration presented in figure 20 indicates the change 
in upper surface spanwise flow due to the presence of the nacelle. 
11 
As shown in figure 15, the addition of power (up-inboard propeller rotation) 
leads to a further increase in the interference drag values at all Mach 
numbers analyzed. Figures 17 and 18 show that at the ETA = .365 pressure 
row, where the effects of power are most pronounced, the onset of power 
increases the suction peak local Mach numbers from 1.2 to 1.6 at 0.75M, 
and from 1.3 to 1.5 at 0.8M0. These higher inboard peak levels are due to 
an increase in the local wing angle-of-attack resulting from propeller 
upwash. For the area of the wing just outboard of the nacelle the effect of 
the propeller onset flow is reversed with a propeller downwash component 
producing a lower local angle-of-attack and, as a result, more positive Wing 
pressures. At the ETA = .418 pressure row the effect of power has no 
appreciable effect on the wing suction peaks but rather a 18bubbling" effect 
on the wing upper surface pressure recovery which may be due to a laminer 
bubble or local separated flow. The flow visualization pictures presented in 
figures 22 and 23 both appear to show an area of local separated flow in the 
region where this "bubbling" effect occurs in the pressure distributions. 
Interference drag results for the wing leading edge extension (LEX) 
configuration (shown in Figure 24 and 25) with and without the inboard 
nacelle/wing fillet, are shown in Figure 26. The corresponding wing 
pressure data appears in figures 27, 28, and 29. At 0.6M0 the presence of 
the LEX results in a 10 count drag benefit when compared with the same 
unpowered nacelle configuration without the LEX (figure 15). Comparison of 
the 0.6Mo pressure data presented in figure 27 with the unmodified 
baseline wing-nacelle data previously shown in figure 16 demonstrates the 
effectiveness of the LEX in reducing the win leading-edge eak local Mach 
LEX reduces the wing local Mach numbers from 1.1 to a subsonic value. The 
drag benefit due to the LEX increases at higher Mach numbers; at 0.8% a 
20 count benefit, relative to the unmodified wing, is realized. Comparing 
the 0.8b LEX ressure data (figure 29) with the baseline wing-nacelle 
data (figure 18p indicates a similar trend in the local Mach number 
reduction seen for the 0.6M0 test condition. 
The interference drag increment due to power for the LEX configuration is 
approximately 10 counts at 0.6M0; however, as Mach number is increased the 
interference drag increment due to power decreases to a point where at 
0.8M0, a 10 drag count favorable interference, relative to the unpowered 
LEX configuration, is seen. Examination of the 0.6M0 chordwise pressure 
distributions (figure 27) indicates that even with the LEX installed 
noticeable adverse effects due to power still exist. However, at the flow 
condition for which the LEX was designed, 0.8M0, the LEX does a better j o b  
of suppressing the inboard pressure peak levels (figure 29). The advantage 
of the LEX can be clearly seen in figure 30 which shows the powered 
conditions with and without LEX compared with the clean wing at 0.8Mq. At 
ETA = .365 the LEX returns the pressure distributions close to the original 
clean wing levels. At the ETA = .418 station the LEX did not improve the 
although there is some improvement seen on the lower wing surface pressures 
at this station. The flow visualization picture given in figure 31 shows 
the wing with LEX and power at 0.8%. 
numbers. At the pressure row just inboard o B the nacelle Q ETA = .418) the 




To help improve the upper surface pressures just inboard of the nacelle a 
leading-edge fillet section, which is shown in fi ures 32 and 33, was 
by NASA during the test based on preliminary analysis of selected wind 
tunnel data without the benefit of any theoretical analysis. As shown in 
figure 26, the addition of the fillet improved the interference drag at 
Figure 34 shows the resulting pressure distribution just inboard 
:i8;!le nacelle due to the addition of the fillet. When compared with the 
wing-LEX configuration, the addition of the fillet lowers the upper surface. 
local Mach number by roughly 0.2. 
4.2 Comparison With Theory, Straight Underwing Nacelle 
Presently, the three theoretical methods used at DAC to analyze and design 
wings operating in the presence of a wing mounted propfan are the DAC 
1 iftin -1 ine program (Ref .5), the DAC-Neumann panel program (modification of 
Ref. 67, and the DAC-Jameson 3-D transonic program (modification of Ref. 7 )  
The lifting-line program has been utilized to evaluate the effects of 
non-uniform onset flows on the wing induced drag characteristics. This 
method has been very useful in developing the optimum wing span loading for 
a particular propeller flow field. The DAC-Neumann program with its 
capability to handle complex 3-D geometries, as well as simulate propeller 
onset flows, has been used extensively to develop the engine nacelle and 
wing geometry at subsonic conditions. The DAC-Jameson program coupled with 
propeller onset flow effects and empirical transonic nacelle installation 
effects has been employed to develop the wing transonic flow characteristics. 
fabricated at the wing/nacelle intersection. The fi 9 let shape was defined 
The usefulness of these design methods is dependent on how well they can 
actually predict the effects of the nacelle installation and propeller onset 
flow. The series of comparisons that follow have been assembled in such a 
manner as to allow a one-to-one comparison between the actual nacelle and 
power effects as measured in the Ames test and the predicted effects 
obtained from the theoretical methods described above. For the three 
configurations on which the majority of the testing was performed (i .e., 
clean wing, wing-nacelle, and wing-LEX-nacelle) 0.6M0 data i s  compared 
with results from the DAC-Neumann program and 0.8M0 test data is compared 
with the DAC-Jameson results. 
Presently, because of mathematical formulation difficulties, the DAC-Neumann 
program must be run at zero Mach number when the propfan onset flow is being 
simulated. In addition, to facilitate the use of the method, particularly 
when the nacelle is incorporated with the wing geometry, the Neumann 
solutions have been obtained without considering any viscous corrections to 
the wing geometry. Based on the above operational constraints and the fact 
that at low subsonic Mach numbers changes to the flow characteristics over 
the upper surface and forward position of the wing, due to the addition of a 
nacelle and power are the most important to predict all DAC-Neumann to 
experimental correlations have been made at a constant angle-of-attack. 
Since Mach number and viscous effects are accounted for in the present 
transonic nacelle and power simulation procedures, the DAC-Jameson 
correlations with experimental data are shown at constant CL. 
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The comparison of the experimental and DAC-Neumann theoretical wing 
chordwise pressure distributions at 0.6M0 for the clean wing configuration 
is presented in Figure 35. As can be seen, the correlation is very good on 
the wing upper surface which supports the approach of making comparison at a 
constant angle-of-attack. For comparison, figure 36, a DAC-Jameson solution 
is compared to the above 0.6M0 data at a constant CL. The DAC-Jameson 
calculated pressures are in very close agreement with the experiment data 
over the entire wing surface. A similar clean wing comparison at 0.8M0 is 
presented in figure 37. In general the DAC-Jameson calculated pressure 
distribution is i n  reasonable agreement with the experimental data. 
Figure 38 shows the DAC-Neumann and experimental nacelle instal lation 
effects on the wing's chordwise pressure distributions just inboard and 
outboard of the nacelle at 0.6%. As can be seen, the changes to the 
wing's surface pressure distributions due to the nacelle installation are 
predicted well by the DAC-Neumann program. Figure 39 presents, at the same 
wing semispan stations, the cornparison of DAC-Jameson and experimental wing 
chordwise pressure distribution for the winghacelle configuration at 
0.8M0. In general the DAC-Jameson/empirical transonic nacelle simulation 
procedure correlates we1 1 with the experimental data. 
The comparison of the DAC-Neumann and experimental propeller slipstream 
(power) effects on the wing chordwise pressure distributions at 0.6M0 is 
presented i n  figure 40. The propeller swirl and total pressure ratio 
characteristics used in the DAC-Neumann power simulation are given in figure 
15 of reference 2. These results indicate that the propeller onset flow 
simulation incorporated in the DAC-Neumann program is properly predictin 
the experimental power effects. The comparison of the DAC-Jameson an 
experimental wing chordwise pressure distributions for the powered 
winghacelle configuration at 0.8M0 is shown in figure 41. Again, the 
correlation is quite good except at the 42 percent semispan station where 
the experimental data is indicating separated flow as shown in the oil flow 
visualization picture (figure 23). The quality of the above correlation 
supports the present scheme used in the DAC-Jameson program to simulate 
propel 1 er power effects . 
% 
Figure 42 presents, for the LEX configuration, the nacelle installation 
effects at 0.6M0 measured experimentally and predicted by the DAC-Neumann 
program. Again, the wing chordwise pressure distribution changes due to 
installing the nacelle are accurately predicted by the DAC-Neumann program. 
The DAC-Jameson/experimental comparisons for the straight underwing nacelle 
and LEX configuration at 0.8Mo appear in figure 43. With the exception of 
the slight over prediction of the suction peak level at ETA = .365 the 
theory is generally in good agreement with the experimental results. 
Figure 44 compares the DAC-Neumann and experimental propeller power effects 
on the wing chordwise pressure distributions for the LEX configuration at 
0.6M0. Again, as seen on the baseiine wing configuraiiun, the  b % - k U ~ c i i i i i  
power effects simulation technique predicts the experimental results quite 
accurately, except at the 42 percent wing semispan station where the 
experimental flow is indicating a separation bubble downstream of its 
suction peak. Comparison of the DAC-Jameson and experimental chordwise 
pressure distribution at 0.8M for the LEX configuration with power is 
shown in figure 45. Again, ?he above comparison generally supports the 
present power effect technique employed in the DAC-Jameson program. As was 
14 
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the case for the baseline wing, the experimental pressures at the 42 percent 
semispan span station appear separated as indicated in the flow 
visualization photograph (figure 31). 
Figures 46 through 49 present the changes to the wing span loading due to 
propeller power effects as measured experimentally and predicted by DAC' s 
current analysis methods. In all cases (i.e., independent of Mach number 
and wing configuration) the theoretical programs underestimate the increase 
in the experimental wing span loading in the region inboard of the nacelle. 
Whereas, in general, the correlation is quite good in the wing region 
outboard o f  the nacelle. The poor correlation in the wing region inboard of 
the nacelle may possibly be attributed to the fact that the experimental 
flow appears to separate in this region of the wing when power is applied to 
the propeller and/or due to the chordwise summation of small pressure 
differences between the theory and experimental data. 
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5.0 TASK I11 DATA ANALYSIS AND DESIGN, OVERWING NACELLE 
This section describes the inteference drag increments and wing chordwise 
pressure distribution changes due to the overwing contoured nacelle 
installation. Data is presented for the baseline wing, baseline wing plus 
leading edge extension (LEX), and the LEX wing configuration with an inboard 
nacelle/wing leading-edge fillet developed by NASA personnel during the wind 
tunnel test. The complete configuration with the LEX and fillet installed 
is shown in figures 50, 51, and 52. Only unpowered (i.e., propeller off) 
data was acquired for this configuration, however, a solid body exhaust 
plume simulation was included in the model geometry. These experimental 
results are presented in a format similar t o  that used in the straight 
underwing nacelle data analysis (Section 4.0). A new contoured overwin 
nacelle design and a modification to the LEX for the current wind tunne 
model design are evaluated. A new AR = 1 1  wing design for an up-outboard 
rotation turboprop installation is defined, and an advanced contoured 
nacelle is provided 
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5.1 Analysis of Contoured Overwing Nacelle Data 
The interference drag increments for the overwing contoured nacelle at 
0.5C~ are shown in figure 53. Examination of the 0.6 and O.8t.1, wing 
pressure data, presented in figures 54 and 55 respectively, suggests this 
level of interference drag is due to the increase in wing suction pressure 
levels inboard of the nacelle, as was the situation for the underwing 
nacelle installation. The oil flow photograph for the contoured nacelle 
configuration at 0.8M0 (figure 56) shows that the high leading-edge 
suction peak seen in the pressure distrubutions is producing a local shock, 
accounting for the increase in drag. 
The addition of the LEX wing modification produced essentially no change to 
the contoured overwing nacelle interference drag levels (except at 
0.7M0!. The inboard wing surface pressure distributions do not fully 
explain this drag increment since the pressure distribution increments due 
to the addition of the LEX are very similar for both the contoured nacelle 
and straight underwing nacelle configurations and, as seen in figures 15 and 
26, the LEX reduced the underwing nacelle interference drag level by 10 
counts at 0.8M. Figures 54, 55, 57, and 58 present the effect of the LEX on 
the wing chordwise pressure for both nacelle configurations at 0.6 and 
0.8M0. The small improvment in drag with the addition of the LEX for the 
contoured nacelle may be attributed to the complimentary effect of the 
nacelle contouring and the LEX. Both modifications were designed to reduce 
the leading edge suction peaks. Since either component by itself will 
reduce the suction peak there is a less severe condition for the other 
component to improve. It is therefore appropiate that the effects are not 
strict 1 y add it i ve . 
The addition of the inboard nacelle/wing fillet reduced the nacelle 
interference drag approximately 10 drag counts relative to the LEX only 
configuration. This reduction in interference drag occurs because the 
fillet affects the wing pressures and shock in the region just inboard of 




5.2 Comparison With Theory, Contoured Overwing Nacelle 
The DAC-Neumann and DAC-Jameson analysis methods have been utilized at 0.6 
and 0.8 Mach numbers, respectively, to obtain comparisons with the 
experimental data for the contoured overwing nacelle configurations in a 
manner similar to the comparisons made for the straight underwing nacelle 
installations. 
Figure 60 presents the DAC-Neumann and 0.6Mq experimental effects of the 
contoured overwing nacelle on the wing chordwise pressure distribution just 
inboard and outboard of the nacelle. The changes due to the nacelle 
installation on the wing surface pressure distributions are generally 
predicted well by the DAC-Neuman program. The increase in wing leading edge 
suction peaks just inboard of the nacelle are slightly underestimated by the 
DAC-Neumann program. Figure 61 presents, at the same wing semispan 
stations, the comparison of the DAC-Jameson and experimental wing chordwise 
pressure distributions for the winghacelle configuration at 0.8M. As was 
the case for the underwing nacelle configuration, the DAC-Jameson/emperica1 
transonic nacelle simulation procedure correlates well with the experimental 
data. 
Nacelle installation effects for the LEX wing configuration, as predicted by 
DAC-Neumann and measured experimentally, are shown in figure 62. Again, the 
changes to the wing chordwise pressure distribution are adequately predicted 
by the DAC-Neumann program. The comparison of DAC-Jameson and experimental 
chordwise pressure distribution at 0.8 Mach number for the LEX/contoured 
overwing nacelle configuration is presented in figure 63. The correlation 
for this wing configuration, compared to that for the baseline wing and 
nacelle (figure 61) is slightly worse in the region inboard of the nacelle; 
but is acceptable outboard of the nacelle. 
5.3 Design Modifications for Overwing Contoured Nacelle 
Since the overwing contoured nacelle was not designed for the wing with the 
LEX, a study was conducted to determine if a better nacelle contouring, 
including a refined contouring procedure, could be developed that would 
reduce the wing/lex/nacelle installation drag and would meet constraints 
imposed by the current model hardware. 
Two modified nacelle shapes were defined and analyzed using the DAC Neumann 
code. These nacelle shapes together with the existing wind tunnel model 
(baseline) geometry appear in figure 64. The modified baseline nacelle 
shape was designed subject to constraints of the existing internal hardware 
and, as a result, appears the same in the side view as the baseline 
nacelle. The fully contoured nacelle shape was designed using current 
design technology without any hardware constraints and therefore represents 
a more optimum design. Figure 65 shows the Neumann pressure comparisons for 
all three nacelle shapes at the two pressure rows just f i i t o ~ r d  of t he  
nacelle. While the modified baseline nacelle pressures do not show much 
improvement over the baseline case, the unconstrained, fully contoured 
nacelle resulted in a significant reduction in the upper surface suction 
peaks. The modifications allowable with the physical constraints imposed by 
the internal hardware did not yield any major improvement in the pressure 





Based on the interference drag level results of the powered testing of the 
straight underwing nacelle geometry, a modification to the LEX in the area 
just inboard of the nacelle was investigated. The transonic design and 
analysis method of reference 5 was used to modify the LEX geometry with the 
objective of reducing the suction pressure peaks in this region by 0.2. 
This value is the same decrease obtained with the addition of the fillet to 
the contoured nacelle LEX geometry which resulted in a 10 count drag 
reduction. The resulting geometry and corresponding chordwise pressure 
distributions appear in figures 66 and 67. Wing rework would be required 
aft of .15x/c to match these shapes to the existing wing. 
5.4 New Wing Design 
The purpose of the wing design effort was to design a wing which is tailored 
to minimize the interference drag increments associated with wing mounted 
up-outboard rotation propfan configurations. This wing would then .be 
complementary to up-inboard work already completed. An existing 
supercritical wing geometry (Douglas Aircraft Co. Wing W1) with an AR of 
11.1, AC 4 of 26 degrees, and taper ratio of .275 was used as a baseline 
compatible with current installation requirements for a typical low wing 
a irpl ane app 1 icat ion. 
As discussed previously, the wing design method currently employed at DAC 
utilizes a lifting-line program to evaluate the wing induced drag 
characteristics in the presence of nonuniform onset flows; a 3-D inverse 
Henne/Jameson program to generate the wing geometry to meet specified 
chordwise pressure distributions; and a 3-D Neumann program to determine the 
subsonic nacelle installation effects. 
(figure 6 8) .  An overwing full chord engine nacelle was specified which is 
Initially the lifting line program was used to determine the span loading 
for the wing W1 planform which results in the minimum induced drag with both 
up-inboard and up-outboard propfan rotation onset flows. As was the case 
for the data-theory comparisons the propeller characteristics used to 
determine the onset flow were taken from results of a NASA Lewis PTR test on 
an isolated Hamilton Standard SR 2 propfan (Appendix A). The resulting drag 
polars are presented in Figure 69. It was found that the minimum attainable 
induced drag polar for up-outboard propfan rotation was roughly equal to the 
baseline W1 wing unpowered value. The 10 count benefit seen for the 
up-inboard rotation configuration is consistent with results seen in 
reference 8. From an induced drag standpoint, an up-inboard rotation 
configuration would appear preferable to the up-outboard rotation design. 
However, if interference and viscous effects discussed previously in this 
report, and wing thickness and shape are taken into account, the up-outboard 
rotation configuration may result in an overall improvement in the installed 
drag values. 
The Henne/Jameson inverse design routine was employed to obtain pressure 
distributions for the wing operating in the presence of the propeller onset 
flow which are similar to the unpowered clean wing pressures. The resulting 
geometry for two of the modified airfoil geometries which lie within the 
propfan slipstream are shown in figure 70 together with the corresonding 
camber and thickness distributions. Coordinates for the complete wing 
defining airfoil sections are given in Table 1. The two airfoil sections 
are located to be downstream of the 70% installed propfan blade radius 
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spanwise location. The outboard airfoil section has significantly more 
camber than the section inboard of the nacelle. This increase in camber 
helps alleviate the adverse flow effects due to the added propfan upwash 
outboard of the nacelle. These airfoil modifications outboard o f  the 
nacelle are similar to the wing geometry resulting from the addition of the 
LEX to the wing W4 geometry for the Ames 11-foot test. 
Wing thickness distributions for both the modified and baseline wing 
geometries appear in figure 71. The change in thickness made to the 
original W1 wing extends from roughly 20 to 70 percent semispan. Inboard 
and outboard of this section the W1 geometry is maintained. 
A contoured nacelle shape was designed to eliminate adverse flow 
characteristics in the area of the wing-nacelle intersection while at the 
same time maintaining the internal lines necessary t o  contain a proposed 
flight propulsion system. Contouring of the nacelle was accomplished by 
first tracing several flow streamlines over the clean wing surface with the 
aid of the 3-D potential flow DAC Neumann code. A single streamline was 
selected to act as the centerline for the contoured nacelle. An in-house 
nacelle geometry generation routine was employed to modify a series of 
predefined nacelle cross sections to fol low the selected stream1 ine path. 
These cross sections are defined to clear the internal drive system and 
related equipment. Figures 72 and 73 show the resulting contoured nacelle 
shape compared with the initial straight overwing nacelle geometry. 
Coordinates for the nacelle defining cross sections are given in Table 2. A 
top view of the modified wing and contoured overwing nacelle geometry 
appears in figure 74. 
Figures 75 and 76 show the resulting pressure distributions and span 
loadings for the modified wing geometry with power, compared to the baseline 
wing W1 with and without power at a configuration CL of .55. For the wing 
W1 geometry, the addition of power increases the wing suction pressure peak 
levels outboard of the nacelle and offloads the leading edge area o f  the 
wing inboard of the nacelle. These changes are due to the effect of the 
up-outboard propfan rotation which increases local angle-of-attack outboard 
of the nacelle and decreases local angle-of-attack inboard o f  the nacelle. 
The resulting pressure distributions for the modified wing with power show 
that, with proper tailoring of airfoil shape and incidence, the adverse 
effects due to the propeller onset flow have been eliminated. In addition, 
the wing leading-edge pressures are off-loaded in the area of the nacelle to 
add a design margin. 
Results of a lifting line induced drag analysis conducted on the modified 
wing geometry appear in figure 77. The new wing design shows a slight 





o A thrust/drag bookkeeping method is described which is compatible with 
data available to the engine, propeller and airframe manufacturers, and 
is recommended for data reduction during future testing. The results of 
the thrust/drag bookkeeping method comparison show that the difference 
i n  the interference drag levels obtained using both methods is, at the 
most, 18 drag counts at the higher Mach numbers and represents roughly 
4% of the total configuration drag. 
o The propeller experiences a 13% shift in advance ratio when installed on 
the aircraft. This shift is due to the differences between the 
freestream and local (propfan diskplane) f lowfield environments. 
o Propfan propulsion system interference drag levels near zero are 
achievable by properly designing the wing to account for the nacelle and 
power. Modified designs to eliminate remaining flow problem areas can 
result in additional drag improvements. 
o Theoretical methods agree very well with experimental pressure 
distributions at all Mach numbers and these methods are adequate for 
design purposes. 
Incremental span loads are adequately predicted outboard of the nacelle, 
however, discrepancies between data and theory were found inboard of the 
nacelle. The inboard separated flow regions which are apparent in the 
chordwise pressure distributions are probably causing this poor 
correlation. To confirm this assumption additional study is required. 
o 
o Analysis of the unpowered contoured overwing nacelle shows that 
contouring reduces the increase of nacelle interference drag as a 
function of Mach number. 
o The benefits seen for the LEX with the contoured nacelle did not meet 
This can be the level expected from analysis of the underwing nacelle. 
explained by the complimentary nature of the two modifications. 
o A modified nacelle contouring was evaluated, but hardware constraints 
prevent attaining any significant improvements. 
o A new wing was designed with up-outboard prop rotation. This was 
selected based on considerations of viscous effects and wing thickness. 
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PARASITE DRAG SUMMARY 
WING MOUNTED PROPFAN NACELLE 
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PARASITE DRAG SUMMARY: 
due to LEX skin friction 
due to nacelle footprint on wing 
due to s'crubbing drag on wing* 
due to wing footprint on nacelle 
due to scrubbing drag on nacelle 
due to nacelle skin friction 
DRAG 






7 . 3  
*Did not include scrub drag increment on LEX (rough Calc. showed it to be 
only 0.1 count) 
NOTE: 1 Drag Count = .0001 
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p = 570,  a = 2.0’ 
- - - NORMAL CRUISE 
SELECTED FOR 
ANALYSIS 
1 .o 1.2 1.4 1.6 1.8 2.0 
EXHAUST PRESSURE RATIO (EPR) 
FIGURE 2. TEST CONDITIONS SELECTED FOR ANALYSIS 
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MEASURE CALCULATE 
THRUST 
L t C,, = CTAP -DELCXN t THRUST CORRECTED FOR c 
HUB BASE DRAG I I NACELLE BUOYANCY COR R ECTl ON 
CL VERSUS a 






RECORDED NOZZLE - 
DATA THRUST - f ( PTN’PSE) 
FIGURE 3. INSTALLED PERFORMANCE METHOD 
CT, AVO = 1.5236 - 1.1384 (NPR) + 0.7121 (NPR)* - 0.1421 (NPR)’ 
0.96 I I I 1 
CT, AVG 
FIGURE 4. EXHAUST DUCT THRUST COEFFICIENT CALIBRATION 
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- - NOZZLE 
PT THRUST 
N'PAMB 
RE-REDUCE CL VERSUS 0 
C,, VERSUS CL 
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FIGURE 6. SR-ZC PROPELLER PERFORMANCE M, = 0.7 
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F 
1 .o 1.5 ' 2.0 
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FIGURE 8. ISOLATED EXHAUST NOZZLE CALIBRATION (EXPERIMENTAL DATA CURVE FIT) 
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+CURRENT NASA METHOD 
+ISOLATED DATA METHOD 
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THRUST REMOVED DRAG (x 104) 
FIGURE 9. THRUST REMOVED DRAG POLAR COMPARISON FOR WING, NACELLE WITH POWER, 
M, = 0.8 
100 
ALL PARASITE DRAG REMOVED 
A NACELLE, LEX, POWER 
0 NACELLE, LEX, FILLET, POWER 
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FIGURE IO. THRUST/DRAG BOOKEEPING COMPARISON, INTERFERENCE DRAG LEVELS 
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I 
I I METHOD- ~ _ _  
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0.2 I 
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ANGLE OF ATTACK (a ) DEG 
FIGURE 11. THRUST REMOVED L IFT  CURVE COMPARISON FOR WING, NACELLE, LEX, PROP 
2.5r I I I I 
p= 57.2 DEG 
Mo METHOD t 
I 
- 0.8 lSOLATED(DAC) 
---e--- 0.8 INSTALLED (NASA) 
I 
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7 = 0.25 
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FIGURE 13. WING GEOMETRY AND INSTRUMENTATION (TOP VIEW) 
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a 2 D E G  
WINDMILL 
UPPER SURFACE 
FIGURE 19. OIL FLOW PHOTOGRAPH FOR STRAIGHT UNDERWING NACELLE A T  M, 0.75 - 
WI NDMl LL CONDITIONS 
Mo = 0.8 
a - 2 D E G  
WINDMILL 
UPPER SURFACE 
FIGURE 20. OIL FLOW PHOTOGRAPH FOR STRAIGHT UNDERWING NACELLE AT M, 0.8 - 
WlNDMl LL CONDITIONS 
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M, = 0.8 
CY - PDEG 
FIGURE 21. OIL FLOW PHOTOGRAPH FOR CLEAN WING W4 A T  M, = 0.8 
(Y = 2 DEG 
8,100 RPM 
UPPER SURFACE 
FIGURE 22. OIL FLOW PHOTOGRAPH FOR STRAIGHT UNDERWING NACELLE A T  M, = 0.75 - 
WITH POWER 
03 
M, = 0.8 
8500 RPM 
UPPER SURFACE 
FIGURE 23. 01 L FLOW PHOTOGRAPH A T  M, = 0.8 - MAXIMUM POWER 




FIGURE 24. PLAN VIEW OF STRAIGHT UNDERWING NACELLE WITH LEX 
84 
FIGURE 25. STRAIGHT UNDERWING NACELLE WITH LEX MODEL INSTALLED IN AMES 
11-FOOT TUNNEL 
0 NACELLE + LEX + FILLET + POWER 
ALL PARASITE DRAG REMOVED 
84 GEN 21996A 
FREESTREAM MACH NUMBER (Mo) 
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Mo - 0.8 
Q = 2DEG 
8.4 00 RPM 
UPPER SURFACE 
FIGURE 31. OIL FLOW PHOTOGRAPH FOR STRAIGHT UNDERWING NACELLE WITH LEX 
AT M, = 0.8 -WITH POWER 
INBOARD FILLET 
I I I 1 1  I y I j \-ROWSOFPRESSURE I TAPS 
Q 
CONFIG NACELLE i 
FIGURE 32. PLAN VIEW OF STRAIGHT UNDERWING NACELLE WITH LEX AND FILLET 
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ETA = 0.42 
-9- LEX 
ML 
LEX + FILLET 
11 .4  
c\ i 1.2 
0 0.2 0.4 0.6 0.8 1 .o 
FIGURE 34: EXPERIMENTAL CHORDWISE PRESSURE DISTRIBUTION FOR STRAIGHT UNDERWING 
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1.1 i 1 .o 
ML 
ETA = 0.418 
THEORY DATA 
0 - CLEAN WING 
WING-NAC ---.I 0 
..-- 
ETA = 0.544 
-1.6 
I - 1.0 I 
IML -1.2 I 
.. .. - 1.2 




0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1 .o 0 0.2 
xlc xlc 
FIGURE 38. COMPARISON OF DAC-NEUMANN AND 0.6M, DATA FOR STRAIGHT UNDERWING NACELLE 














ETA = 0.365 
- 1.2 
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ETA = 0.418 
THEORY DATA 
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ETA = 0.597 
4ML . 
I '  
:,..;- 
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0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1 .o 
xic xlc 
FIGURE 40. COMPARISON OF DAC-NEUMANN AND 0.6M, DATA FOR STRAIGHT UNDERWING NACELLE 
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0 0.2 0.4 0.6 0.8 1 .o 
xic 
FIGURE 42. COMPARISON OF DAC-NEUMANN AND 0.6M0 DATA FOR STRAIGHT UNDERWING 
NACELLE WITH LEX - NO POWER, CY = 2 DEGREES 
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FIGURE 44. COMPARISON OF DAC-NEUMANN AND 0.6M0 DATA FOR STRAIGHT UNDERWING NACELLE 
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OF POOR QUALITY 
-0- EXPERIMENTAL 0.6 MO 
----- LIFTING LINE - 
-------- DAC-NEUMANN - 
INCLUDES NACELLE 
70 80 90 100 
FIGURE 46. DATA-THEORY COMPARISON OF SPAN LOADING INCREMENTS DUE TO POWER FOR 
STRAIGHT UNDERWING NACELLE 
ACCl 
CREF 
FIGURE 47. DATA-THEORY COMPARISON OF SPAN LOADING INCREMENTS DUE TO POWER FOR 
STRAIGHT UNDERWING NACELLE WITH LEX 
1 03 
0 10 20 30 40 50 60 70 80 90 100 
7) 
FIGURE 48. DATA-THEORY COMPARISON OF SPAN LOADING INCREMENTS DUE TO POWER FOR 









- EXPERIMENTAL 0.8 
-1-1- LIFTING LINE 1 
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q 
FIGURE 49. DATA-THEORY COMPARISON OF SPAN LOADING INCREMENTS DUE TO POWER FOR 




ROWS OF PRESSURE 
EXHAUST PLUME 
CONFIG SIMULATION- 
FIGURE 50. PLAN VIEW OF OVERWING CONTOURED NACELLE 
FIGURE 51. SIDE VIEW OF OVERWING CONTOURED NACELLE 
TAPS 
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FIGURE 52. CONTOURED OVERWING NACELLE WITH LEX AND FILLET INSTALLED IN 
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M, = 0.8 
(I = 2 DEG 
FIGURE 56. OIL FLOW-PHOTOGRAPH FOR CONTOURED OVERWING NACELLE, NO POWER 
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FlGlJHE 59. EXPERIMENTAL CHORDWISE PRESSURE DISTRIBUTIONS FOR CONTOURED OVERWING 
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FIGURE 60. COMPARISON OF DAC-NEUMANN AND DATA FOR CONTOURED OVERWING NACELLE - 
NO POWER 
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FIGURE 62. COMPARISON OF DAC-NEUMANN AND DATA FOR CONTOURED OVERWING NACELLE 















- - - - _  BASELINE 
----_ MODIFIED BASELINE 
F U L L Y  CONTOURED 
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/--MODIFIED BASELINE 
FIGURE 64. OVERWING CONTOURED NACELLE MODIFICATIONS, GEOMETRY COMPARISON 
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BASELINE 
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A = 0.275 
FIGURE 68. BASELINE WING W1 GEOMETRY 
- BASELINE NO POWER 
-.-. BASELINE URINBOARD ROTATION 
--- BASELINE UP-OUTBOARD ROTATION /' 
,/ 
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FIGURE 70. COMPARISON OF AIRFOIL GEOMETRIES FOR UP-OUTBOARD PROP ROTATION WING AT 
70% PROP BLADE RADIUS 
T/C 
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FIGURE 71. COMPARISON OF WING W1 AND MODIFIED WING THICKNESS DISTRIBUTIONS 
121 
/ 
FIGURE 72. COMPARISON OF STRAIGHT AND CONTOURED OVERWING NACELLE SHAPES - TOP VIEW 
I STRAIGHT 
CONTOURED 
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- WlNG W 1  NO POWER 
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FIGURE 76. JAMESON SPAN LOADINGS FOR MODIFIED AND BASELINE WINGS 
FIGURE 77. LIFTING LINE INDUCED DRAG POLARS, BASELINE AND MODIFIED WING 
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